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Abstract: The effect c71i tke organism of a =-day stay i n  a water 

imersion uiedium (Lead on the sater surface) vas studled on 

10 subjects. 

The condition of t:.e meta’lslic processes i n  the subjects was 

judged f r o m  the iii-xatigation of the parameters of protein 

and carbowdrate me- cabolism, acid-base equili’briurt, the 

ac t iv i ty  of a nuocr  of enzymes and steroid hormones. 

venous blood and aiiirnal urine served a~ the  material for con- 

ducting t ie  corres?cnd5ng biocheuiical determinations. 

The 

The stay i n  an i m e r s i m  mediun: is  a c c o n p i e d  by a significant 

reduction in the ccnter.t of residual nitrogen i n  the blood, by a 

reducticn of the creatinine conten; i n  t h e  blood and by an ir.crease 

of ‘,Le creatine cotitent of tne blood w i t h  the simultaneous increase 

of the excretion of cy  at inine and creatine w i t h  the urine, by a 

signiTicant increase of the glucose and lac ta te  content i n  the 

blood, by the develo2ment of acidosis of a respiratory and 

metabclic character, a: well as by a significant ir-oreaee of the 

nctivi‘.y of creatine phosphokinase and the isoenzyme fract ion 

of lactaxe dehydrogenase 

iatens;fication of the glucocorticoid and androgenic functions 

of t h  adrenal cortex is noted during the  experimental period, 

I n  a l l  the subjects, an  expressed 3’ 
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vMch attests to Ure presence of stress. 

Tbe sin@! birectiorl o f  the changes noted after space flights and simulated 

experbents conductel. 

to Frcsuppose that  cemnjn effects of weightlessness can be simulated 

'r earth gravity conditions oeer the basis 

U d t T  t t I T e S t S ' h 1  COnd!CLOnS. 

Ue~lessness in turn affects hemdywu 'cs since the orthostatic 

grarUcnt of blood pressure disappears, and t h i s  s e m s  as the starting 

rcbboisl for a number or' other processes including changes in 

rtsbollsr. 

The stay of lren i n  a hc,-:zontal position in water (water immersion) i s  

a mst adequate model o f  the redistriWtion of the blood -I&ous to 

tbat expected under cor,ditions of weightlessness. 

of a person in  water, t i e  w e i g h t  of the blood becaae equal t o  the 

ve- of the displaced fluid, therefare, the blood does not accumulate 

in the lower parts of tine body due to the forced gravity. 

Ihring the stay 

It should be noted that water immersion is considered a stricter model 

of weightlessness in c0;nParison with hypokinesia for the reason that 

in a horizontal position in a bed, even though the orthostatic gradient 

is cllpdllated a d  the b i d  does not accumulate i n  tbc lower extremities, 

sope quantity of blood can be deposited in the h e r  soft tissues. 

The study of certain aspects of metabolism durirrg the stay of a person 

i n  awater immersion nwriium has been conducted by a number of 

authors (l-s), however the length of the stay In  the m r s i o n  m e d i u m  

4id not exceed sir bays. 
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We coMucted a study or' ihe characteristics of meta 'oo l i sm during a 

a (12 w s )  stay in immersion medium. 

Study of the effect of a =-day stay in a water imnersion paedium 

(hmd on t k  water surfwe) on the organism uas conducted on 10 

subjects. 

"bad - prtlvic" directioa irith a 3 g value for 5 minutes immediately 

before and &ex- the strly in the water innnersicn; five subjects were 

subjected to acceleratinns of 0.75 - 1.5 g for 1 - 1-5 burs 

during the last sir day: of M s i o n .  

A l l  the subiects vere subjected to acceleration in the 

The condition of the mei-dxLic processes in the subjects was Judged 

ira the investigation a ? f  a OUmbeF of parameters of protein metabolism 

(total pmtein, a-n, glotmlins, A/G coefficient, residual nitro- 

gen, urea, uric acid, creatine; creatinine, thymol test), cgl.bohydrate 

metabolism (glucose, lactic acid, pyruvic acid), acid-base equilibrim 

(pE, &, pC02, S, SB, AB, total CC,), activlr,g I3f a rmi3er of e n z y x s  

(aldolase, basic phosphatase, creatine ?nosphokitase, glutamate-cxalate- 

transaminase, glutamate pyruvate-transaminase, lactate debydrogenase 

a d  Its isoenzymes) and the activity of the steroid i;ormones (Il-b;ydro- 

xycortico-steroids, 17-'hydroxycorticosteroids, 1'7-ketosteroids, 

de~droepiandrosterone 1. 

!Che investigations were conducted before, duri;: and .tfter the period 

of water immersion accc r . i ix t h e  fdlowir4 s d x  =e: 

cramination before and ? fter acce lerat Lam ieze 1 ;ate -4 before placement 

in the lmersion d i u m ,  rater on the kh, 6th, 33th and 12th day of 

ba::kgcuna exadnation, 



the stay in the imners 

once after coming out I 

days of the post-experiiwital priod. 

edilp, before bsd after accelerations at 

rmersion and on the 2-31~3, 7 4 t h  ard ll-l2th 

Venous blood and diurna; urine served as  the material fo r  conducting 

the corresponding biochcxical iietenninations; the parameters of the 

acid-base q u i l i b r i m v e r e  determired from blood taken  fro^^ a finger. 

The experiments conductwi yielded tine following results: 

R o t e i n  Xetabolisrr.. W e  were not able t o  observe substantial  

changes in the  content cf the t o t a l  protein of the blood i n  all the 

subjects both i n  the cmrse of the stay i n  the immersion IDedium as 

w e l l  as i n  the period of the after-effects; the variations noted w e r e  

N l t i d i m t i O l l € t l ,  inSigi,',FiCaIAtly expresceri aad did not exceed the 

limits of the pbysiologLca1 nom. 

ccxrtent as w e l l  as t k  A/G coefficiens value are concerned, i n  8 

subjects there were not observed substantial changes i n  the value of 

the indicated indiceseitig i n  the experiment itself or i n  the 

post-experimental perioci, while i n  2 subjects on the 10th and 12th day 

of the stay in  the inrneroion uredlrim there was noted a sharp reduction 

of the albumin content and an lacrease in the globulins contents as w e l l  

as a signif h n t  reduction of t?.e A/G coefficient value, w h i l e  the 

indicated changes exceeded t h e  .'_iaits of t h e  generally accepted norm; 

it is interesting t o  nc,tc that t::?. subjects were found i n  the group 

which vas subjected to dai ly  4 ::eferations ia the last 6 days of 

immersion. 

As far as the albumin and globulins 



The stay i n  the water Lmersion medium is  accompanied by a significant 

increase in the content of residual nitrogen in the blood up to a 

&vel exceeding the upper boundary of the norm, and this increase 

I s  maintained even in tile after-effects period (Figure 1); the 

observed cbmges vere noted in 8 subjects. 

Both in erper imnt  itseif and i n  tbe  after-effects period, i n  a l l  

subjects, there were not observed substantial  changes in the urea 

ccmtent of the blood; tile variations noted vere insignificant and 

rulti-directional. A t  the same time, i n  5 subjects a considerable 

illcrease of +,he =-ea excre t im with urine w a s  noted, up t o  a value 

exceeding the limits of the generally accepted norm, both i n  the stay 

in the inwrs ion  medim w e l l  as in the post-experimental period. 

The low water inmemion leads t o  an increase exzeeding the noma1 

values of the u r i c  acid content i n  the blood in 5 subjects; the noted 

increase is maintained even i n  the post-experimental period. As far 

as the ur ic  acid excretion w i t h  urine is concerned, its values i n  

all subjects both i n  the experiment Itself as w e l l  as i n  the post- 

effects period undergo insignificant changes, varying within the 

limits of the nom. . 

The stay of the subjects in the immersion medium is accompanied 

a cer tain reduction i n  the  creatinine content of the blood, nct 

bY 

exceeding, however, the aom limits, in all subjects; i n  tne post- 

ef fec ts  period the creat,inine content of the blood returned t o  the 

initial level. A t  the same time, water immersion is accompanled by an 
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increase i n  the creatitiine excretinn with the u r ine  exceeding the 

limits of nonnalvariations, i n  a l l  subjects, although a normalization 

of creatinine removal ir, the u r ine  i s  noted i n  the post-experimental 

Period (figure 2). 

As far as the creatine content  i n  the blood and i ts  excret im with 

urine are concerned, i n  8 subjects, the stay in the immersion m e d i u m  

is accomparded by an increase i n  the indicated indices up t o  a w e 1  

exceeding the upper bo&N%ries of the pbysiological norm and by a 

return t o  the init ial  level  i n  the post-effects period (Figure 2 ) .  

In the a l l  the subjects ‘ooth in the stay i n  imersion as well as i n  

the post-experimdal ps‘riod, there were not obserPed substantial 

cbanges i n  the value of the t w o 1  test; the available variations 

w e r e  insignificant and mltidirect ional .  

Carbohydrate Metabolism. The stay i n  the immersion m e d i u m  is 

accompanied by a significant increase i n  the glucose content of the 

blood (exceeding the l i m i t s  of n o m 1  values) a t  the 10th and 12th 

days of the immersion of 5 subjects; i n  the remaining periods of the 

experiment as well as i n  the other subjects i n  the course of the ent i re  

experimental period as uell in a l l  subjects i n  the post-experimental 

period, multi-directionn.1 variation i n  the glucose content of the blood, 

not exceeding, however, the l i m i t s  of normal values a r e  observed 

(ngure  3). 

hnersion i s  accompanied by a signftcant increase in the lac t ic  acid 

content of the blood up t o  a level  exceeding the upper boundary of the 
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norm, i n  5 subjects; i n  the post-effects period the l ac t i c  acid 

content of the blood i n  these subjects returned t o  the i n i t i a l  

level  (=@re 3). 

As far as the pyruvic acid content of the blood is concerned, i n  all 

the subjects both duriw the water immersion period as w e l l  as i n  

post-experimental period, multidirectional variations within the 

limits of the generally accepted norm axe noted. 

Acid-Base Equillbrirmn. - The stay in the immersion medium is 

accOmpani&by the d e v e l v n t  of acidosis of a respiratory and 

metaibollc character i n  all subjects. I n  the posteffects period, 

all the scbjects maintained respiratory acidosis; a return t o  the 

norm of the indlces of the acid-base equilibrium of the blood i s  noted 

only on the l l - u t h  day of the post-experimental period. 

Ehzymes. The indicators of the act ivi ty  of aldolase and basic 

phosphotase varied narltidlrectionally in a l l  subjects during the 

experimental and post-experimental pedods; the variations noted 

thusly were insignificant and wereiound i n  the limits of the norm. 

The stay in the imersion medium was accompanied by an increase of 

the ac:,vity of the  glutamate pyruvate-transaminase and by 8 decrease 

of the activity of glutamate oxalate-transaminase; the indicated 

changes were insignificant, not exceeding the l i m i t s  of the generally 

accepted nom and returned t o  the i n i t i a l  level i n  the post-experimental 

period. 



As far as the act ivi ty  Of creatine phosphokinase i s  concerned, there 

w e r e  no substantial cha:&.,es i n  the act ivi ty  cf the enzyme both i n  

the experiment and i n  the aftereffects period i n  6 subjects; at  the 

same time, a significant increase of act ivi ty  

is noted i n  4 subjects ir, the experimental period, which became 

sharply expressed on the 10th and 32th days of immersion, reaching a 

level of the upper bounhries of the norm which, i n  our opinion, can 

attest t o  the presence ~ r '  possible atrophic changes i n  the skeletal  

nuisculature (Figure 4)  .- 

of creatine phospilokinase 

Insignificant variations of the t o t a l  act ivi ty  of lactate  dehydrogenase 

(LDH), not exceeding the limits of the generally accepted norm, were 

noted i n  a l l  subjects bvth i n  the experiment and i n  the post-experimental 

period. 

nat reveal substantial changes i n  a l l  periods of the investigations 

w i t h  the exception of the presence of  an increase (exceed& normal 

The investigation of tke activity of the IIlH isoenzymes did 

l imits)  of ZlDH act ivi ty  in 6 subjects both during the .imersicm stay 
3 

and In posteffects period (Figure 4); these changes a t t e s t  t o  the 

presence of a possible reaction from the direction of the endocrine 

syetela. 

Hormones. The investigation of the excretion of t o t a l  17-ketoste~*oids 

( l7-U) and dehydroepiandrosterone (DXA) indicated that the stay 

in the imersion medlum is accompanied by qultidirectional variations 
. -  .. ? L7-K.: e.<z:d;:i,:r,, fi '., e;c::ll.c?.:'LF:g, ;uij.:-; -&-, :::: -j.:nita ;-f :?Le ,;Et:er-,-<, 

ao,,:e?ted LZZZ? and by 3 ,;giil;'Lcast ir,cres.r;e ir. t:;e leveicf DKA excretion 
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(2-3 times exceeding the upper boundary of the norm) in all subjects, 

which evidently is a re:;ponse to stress; in the post-experimental 

period, a tendency to a normalization of the DHA excretion level and 

the return to initial values on the ll-Eth day of the posteffects 

are noted (F’igure 5). 

Study of the secretion of 11-hydroxycorticosteroids (11-HCS) did not 

reveal substantia: charges in all subjects either in the experimental 

process or in the post-experimental period; the existing variations 

were insignificant and Zid not exceed normal limits. As far as the 

excretion of 11-HCS is concerned, its increase in all subjects up to 

the level of the upper Soundaries of the norm or even somewhat higher 

was noted in the experiscntal period; a tendency to normalization is 

clearly observed in the post-effects period. 

The stay in the imersion medium is accompanied by a significant increase 

in the level of excretion of 17-hydroxycorticosteroids (17-HCS) in 

a l l  subjects; the significant increase (beyond normal limits) of the 

totallIJ-EICS fractions as w e l l  as those bound with beta-glucuroric 

acid with the simultaneous decrease of the free form of 17-HCS attest 

t o  this; t h  indicated changes do not reach the level of n o m 1  values 

even at the end of the post-experimental period (Figure 6). 

The obtained data attest that in all subjects in the course of the :tay 

in the innnerslon medium nn expressed intensification of i , ~  glucocorticoid 

and androgenic functions of the adrenal cortex is noted, whicf: attests 

to th pres8nce of stress. 
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Legends for the  Figures 

Figure 1. Content of t h e  residual nitrogen i n  the blood (4). 
Figure 2. Content of creaxinine and creatine in  the blood (mg$ and 

in the urine (a1g/24). 

Figure 3. Content of glucose and lactate  i n  the blood (&). 

Figure 4. Activity of creatine phosphokina ~4 i n  units)  and LDH3 ( in  $) 

i n  the blbod. 

Figure 5. Excretion of dshydroepiandrosterone with the urine?( DHA ir. mg/24). 

P k y r e  6. Excretion of 17-hydroxycorticosteroids with the urine ( t o t a l  - 
in d24, free End bound with beta-glucuronic acid, i n  4). 

Note. The designations on the figures: - 
1 - background 
2 - immersion 
3 - past-experircental period. 
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